A long-term field experiment (since 1988) was carried out at the experimental station of the Aleksandras stulginskis university (Asu, 54º52′ N, 23º49′ e) in the conditions of transitional maritime-climate. Research data from the 2010-2012 experimental period are presented. the soil of the experimental site is silty light loam Endohypogleyic-Eutric Planosol (PLe-gln-w). Average annual temperature is 6.2°c. the aim of the experiment was to establish the influence of reduced primary autumn soil tillage on maize productivity. the treatments of the experiment were: 1) conventionally (22-25 cm) ploughed by a mouldboard plough, 2) shallowly (12-15 cm) ploughed by a mouldboard plough, 3) deeply (25-30 cm) tilled by a chisel cultivator, 4) shallowly (10-12 cm) tilled by a disc harrow, 5) no-till. the experimental results showed that all primary soil tillage methods (except for chiselling) normally had insignificant effect on maize biometric parameters. Deep chiselling had consistent negative influence on the biometric parameters of maize canopy, while no no-till effect was insignificantly positive. maize crop biometric parameters partially depended on weed infestation at the beginning and the end of maize vegetation. in two out of three experimental years, maize crop density at the beginning and end of vegetation did not differ significantly in differently tilled plots. A relationship was found between the number of annual as well as total number of weeds and crop density at the beginning of vegetation (r = −0.926** and −0.948**). crop density at the beginning of vegetation had significant positive effect on most maize productivity parameters. Reduced soil tillage from shallow ploughing to no-till had total positive effect on maize productivity in 2011 only because of the lower weed infestation. Relationships were established between weed infestation and maize crop productivity parameters (correlation coefficients from −0.394 to −0.965**). Productivity parameters were influenced by biometric parameters too (correlation coefficients from 0.713** to 0.920**).
Introduction
maize growing is still quite new in the countries of North europe because of cold subarctic climate conditions and short vegetation period. marginal area of maize growing could be located up to the North 58° latitude in Latvia (Gaile, 2012) and 56° latitude in Lithuania. Due to the availability of new early varieties and novel approach to growing technologies, in Lithuania the area of continuous maize growing for grain increased from 5.4 in 2007 to 10.4 thousand ha in 2011, total grain yield rose from 26.0 to 71.9 thousand t, yield per hafrom 4.8 to 7.5 t ha -1 , accordingly (statistics Lithuania, 2005) and tended to increase. the main question is how to produce maize grain cheaper because grain drying requires high energy input and increases production costs. one of the resorts is to economize fuel and labour power consumption by reducing soil tillage because it often had insignificant influence on the yield of many crops (Håkansson et al., 1998; Hao et al., 2001) . Similar results were obtained in Lithuania too. in minimally tilled soil the yields of many winter or spring cereals and sugar beet were higher or little less than those in deeply ploughed soils (cesevičius et al., 2005; Romaneckas, 2011) . However, some scientists have reported opposite findings (maikštėnienė et al., 2007) . the success of soil tillage reduction depended on soil type, plant residue management, sowing and tillage machinery, meteorological conditions, as well as on how long such technologies had been used and other factors. Application of no-till system mostly had negative influence on crop productivity in Lithuania.
Reduced primary soil tillage systems for maize, especially continuous, are not widely investigated in Lithuania. in our previous short-term on-farm scale or stationary precision experiments in the conditions of well-balanced, even mineral fertilization the reduction of soil tillage intensity from deep mouldboard ploughing to shallow stubble disking had insignificant influence on maize productivity parameters (romaneckas et al., 2010). World practices showed similar maize yields both in minimally tilled (combination with chopped straw or other plant residues) and conventionally ploughed soil (Pabin et al., 2006; mupangwa et al., 2007; Alletto et al., 2011; Wang et al., 2012) . comparison of no-till and mouldboard ploughing systems gave controversial results. in some experiments, no-tillage exhibited similar or higher maize yields than ploughing (Hussain et al., 1999; carter et al., 2002; tueche, Hauser, 2011; Xiaodong, Lijin, 2011; Wyngaard et al., 2012) , in otherno-till caused a decrease in maize productivity (ojeniyi, Adekayode, 1999; Basamba et al., 2006; tolimir et al., 2006; messiga et al., 2012) . such results might have resulted from the differences in machinery, weed control efficacy (culum, 2012) , and increased soil compaction (tolon-Becerra et al., 2011) . sometimes in no-tilled soil conditions grain yields were generally higher in dry years but lower in wet ones (Wang et al., 2011) .
our experiment hypothesizes that reduction of primary soil tillage from annual deep ploughing to shallow ploughing, chiselling or disking will not decrease maize productivity. No-tillage may lead to some decrease in maize yields.
Materials and methods
Site, soil and experiment description. A stationary long-term field experiment (since 1988, modified in 2000) was carried out at the experimental station of the Lithuanian university of Agriculture (currentlyAleksandras stulginskis university, Asu) (54º52′ N, 23º49′ e). the data obtained during the 2010-2012 period are presented. the Lithuanian climate is transitional maritime-continental with wet winters and moderate summers. the highest average annual precipitation is on the coast of the Baltic sea (720 mm) and the lowest -in the eastern part of the country (490 mm). the mean annual (last 59 years) precipitation rate in the experimental site is 625.5 mm. the soil of the experimental site is silty light loam Endohypogleyic-Eutric Planosol (PLe-gln-w the experimental treatments: 1) conventional (22-25 cm) ploughing by a mouldboard plough, 2) shallow (12-15 cm) ploughing by a mouldboard plough, 3) deep (25-30 cm) cultivation by a chisel cultivator, 4) shallow (10-12 cm) cultivation by a disc harrow, 5) notill. the number of replications was four, plot layoutrandomized, the initial size of each plot -70 m 2 . crop rotation: spring oilseed rape, winter wheat, maize, spring barley. technological aspects of the experiment are presented in table 2. After winter wheat harvesting, stubble was shallowly disked (except for Nt plots). in the beginning of september, no-tilled plots were sprayed with a herbicide Roundup (glyphosate 360 g l -1 ), 4 l ha -1 . in october, primary soil tillage was performed. in April, before pre-sowing soil tillage complex fertilizer NPK 16:16:16 (300 kg ha -1 ) was applied. the soil of the plots was tilled by a complex cultivator at 5-6 cm depth before sowing. maize hybrids of earlier maturity (FAo 180-200) were sown using a strip method by a cereal and rape sowing machine väderstad Rapid 300c super XL (väderstad Ltd., sweeden) . the distance between rows in strip was 12.5 cm, between strips -50 cm. sowing rate -100 thousand seeds per ha (approximately 21-23 kg ha -1 ). in may maize, the crop was sprayed with a herbicide maister (foramsulfuron 22.5 g l -1 ) 1.5 l ha 1 and additionally fertilized with ammonium nitrate. maize was harvested at the end of september -beginning of october (kernels contained about 60% of dry matter). Methods. in 10 randomized places per each experimental plot, samples for the evaluation of maize crop density were taken 25 days from the beginning of seed germination and at the end of vegetation, for biometric and productivity parameters the samples were taken before harvesting. the total sampling area was 3.125 m 2 per plot. the data of the experiment were analyzed by ANOVA. the treatment effect was tested by the P test. the trial data were also evaluated using correlation and regression analysis by SigmaPlot software.
Weather conditions. the weather conditions during maize vegetation are presented in Figure. in 2010, maize vegetation season was characterized as mostly warmer and wetter than average of many years. the warmer were summer months. vegetation of 2011 was semi humid in spring and too wet in summer time. Higher than usually temperatures were observed in April, June and July. those conditions influenced the highest yields of maize grain and total biomass in the experiment. the humidity of 2012 was similar to that of 2010-2011; however, the temperatures nearly corresponded to average of many years. yields were lower than in 2011; however, higher than in 2010.
Higher than usual precipitation rate during vegetation (may-september) of 2010-2012 influenced more active spread of weeds (r = 0.302-0.305). 
Results and discussion
there was found a significant interaction between the conditions of experimental years and results of investigations. As a result, the mean data were not presented.
Maize biometric parameters. Different intensity of primary soil tillage influenced maize canopy height more than other biometric parameters (table 3) . the impact of soil tillage methods on average maize canopy height was not clear and mostly depended on the weediness of crop (table 5). Deep soil tillage by a chisel cultivator up to 30 cm depth had stable significantly negative effect on the height of maize canopy. the reduced of soil tillage intensity from deep annual ploughing to disking consistently negatively influenced the height of maize canopy. maize canopy grown in no-tilled soil was of similar height to that grown in deeply ploughed plots. in Karunatilake et al. (2000) experiment, no-till system recorded higher maize height than in mouldboard plough till or ridge till systems. Deep chiselling had negative influence on average cob length and number of kernels per row of cob, no-till -mostly positive. the impact of other tillage methods was normally insignificant.
Maize productivity parameters. In 2010 and 2012, the density of maize crop at the beginning and the end of vegetation was even and similar in differently tilled plots (table 4) . similarly, carter et al. (2002) found, that plant population density was not consistently influenced by the tillage treatments (no-tilled and conventional mouldboard ploughing). in 2011, the variation of crop density increased. At the beginning of vegetation, the highest crop density was observed in deeply ploughed and no-tilled plots. A relationship was found between the number of annual as well as total weeds and crop density at the beginning of vegetation (r = −0.926** and −0.948**). At the end of vegetation, the highest crop density was estimated in chiselled plots and the lowest -in no-tilled. An increase in maize crop density at the A B beginning of vegetation had significant positive effect on its productivity parameters (table 6) , and at the end of maize vegetation the effect was often insignificant (r ns ). croatian scientists found the highest yield of maize in the conditions of chisel ploughing plus disc harrowing (Kovacev et al., 2010) . in our experiment, deep soil chiselling in autumn decreased dry biomass of maize canopy, grain yield and 1000 kernel weight, except in 2011, when maize was grown in denser crop. generally, in 2010-2011 reducing of soil tillage intensity often had insignificant and not inconsistent effect on (2006) experiments, the lowest yield of maize silage was estimated for the plots under heavy-duty disc harrow tillage. in our experiment, no-till showed slightly worse results (in 2011-2012 only) than deep ploughing. in 2012, reduced soil tillage had significantly negative effect on maize biomass and grain yield. No-till decreased dry biomass of maize canopy and 1000 kernel weight, but this influence was insignificant. such results were partially influenced by the spread of weeds (table 5) . in 2011, the number of weeds at the beginning of vegetation was by on average 250 weeds m -2 lower than that in 2010, and at the end of vegetation by about 160 weeds m -2 lower than in 2012. thus reduced soil tillage had total positive effect on maize productivity in 2011 only. in 2010, deep soil chiselling promoted the spread of weeds (especially perennial species), which caused a dramatic decrease in maize productivity (data are not presented).
soil chemical and physical properties had a greater impact on the growth of weeds than on maize crop. ), AWe -number of annual weeds at the end of maize vegetation (variation 6.7-467.9 m -2 ), tWe -total number of weeds at the end of maize vegetation (variation 47.5-483.3 m -2 ).
in our previous field experiment, maize canopy height was a key parameter, which strongly influenced cob length, number of kernels per row of a cob, dry biomass of canopy and grain yield (Romaneckas et al., 2012) . similar relationships were established in the current experiment. maize canopy height had higher relationship with productivity parameters than biometric indices (table 6). 
Conclusions
1. Different primary soil tillage methods (except for chiselling) normally had no significant effect on maize biometric parameters. Deep chiselling had a consistent negative influence on the biometric parameters of maize canopy, while the effect of no-till was insignificantly positive. maize canopy height, cob length and number of kernels per cob row partially depended on the number of perennial weeds at the beginning of maize vegetation (r = −0.652**, −0.663**, −0.685**), number of annual weeds (r = −0.723**, −0.604*, −0.635*) and total number of weeds (r = −0.723**, −0.591*, 0.620*) at the end of maize vegetation.
2. in two out of three experimental years, maize crop density at the beginning and end of vegetation was even and similar in differently tilled plots. A relationship was established between the number of annual as well as total number of weeds and crop density at the beginning of vegetation (r = −0.926** and −0.948**). Higher maize crop density at the beginning of vegetation had significant positive effect on dry biomass of cobs (r = 0.726**), dry biomass of leaves and stems (r = 0.591*), total dry biomass of canopy (r = 0.682**), grain yield (r = 0.725**) and 1000 kernel weight (r = 0.904**). At the end of maize vegetation, crop density had a weak influence on the productivity parameters.
3. Reduced soil tillage from shallow ploughing to no-till had total positive effect on maize productivity in 2011 only because of the lower weed pressure. Relationships were estimated between weed infestation and maize crop productivity parameters (correlation coefficients from −0.394 to −0.965**).
4. there were found strong and significant relationships between maize canopy height and dry biomass of cobs, leaves and stems, total dry biomass of canopy, grain yield and 1000 kernel weight (r = 0.905**, 0.893**, 0.920**, 0.893**, 0.713**). the relationships of other biometric parameters and maize productivity were weaker.
